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HIGHLY CONCENTRATED PHARMACEUTICAL FORMULATIONS 
OF STEROIDS AND PROCESSES FOR THEIR PREPARATION. 

| . The invention relates to highly concentrated 

pharmaceutical formulations of steroids of the 
oestrane, androstane and < 19-nor~) pregnane series, 
the said formulations, being fluid at normal temperature 
5 and to processes for their preparation. 

Injection preparations of steroids are known. 
Sucii preparations usually consist of solutions of 
the steroids in oily carriers, such as arachis oil, 
sesame oil, olive oil and similar, to which yet 
lO other excipients may, if desired, be added, such as 
benzyl alcohol and benayl benzoate- Such fluid 
preparations may be injected almost without damage to 
tissues, and absorption of the active substance by 
^ the organism takes place from the subcutaneous or 

15 intramuscular depot thus obtained. The extent and 
the duration of the absorption depends on various 
factors including the dosage and concentration of 
the steroid and the physical properties of the 
steroid, such as lipophilicity . The upper limit of 
20 the concentration is naturally governed by the . 
solubility of the steroid in the carrier. If this 
solubility is not very great, achievement of the 
desired effect will necessitate repeating injections 



at shorter intervals or injecting larger volumes, 
and there are of course objections to both these 
procedures** 

It is known that the solubility of steroids in 
vegetable or animals oils can be increased by the 
addition of excipients such as benzyl alcohol and 
benzyl bensoate* An objection to the use of such ' 
excipients, and specifically benzyl alcohol in 
somewhat higher concentration , is that these agents 
may be irritant to the tissues* 

Other ways of administration to give higher 
concentrations in the subcutaneous or intramuscular 
depot are the injection of crystal suspensions or 
the implantation of solid formulations The 
preparation of stable crystal ' suspensions may give 
rise to problems, while the surgical intervention, 
though minor, constitutes an objection to the 
imp lant at ion * 

When the preparation and use of a highly * 
concentrated long-acting injection preparation of 
steroids is therefore desired, for example an 
injection preparation for the inhibition of ovulation 
in animals' or man T one or more of the above-noted 
objections will be valid to a greater or lesser 
extent. 

The administration of steroids in solution, 
for "example a solution in .oil, by the oral route 
is also known? see for example the Dutch Patent 
Application No. 74C2689.(- British Patent No* 1 SOO 374) 

The administration of fluid pharmaceutical 
preparations by the oral route may be realised in 
various ways. The prescribed quantity, for example 
a number* of drops or ml, may be taken per spoon, on 
a sugar lump or together with food. The solution 
may also be baicen "sealed 1 * in a soft gelatine capsule 
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or in microcapsules. 

' With the oral administration of certain sterol -J- 
in solution, for example testosterone and esters 
thereof, the problem may also arise* that the 
5 solubility (and therefore the amount of active, 
agent per dosage unit) in the knoyn solvents is 
relatively low, so that either more or larger 
dosage units must be administered on each occasion 
or the administration of the preparation must be 
10 repeated at shorter intervals. There are objections 
to both procedures* In such cases there is an 
obvious need for solutions with greater concen- 
trations • 

It has now surprisingly been found that 

15 highly concentrated formulations of steroids, said 
formulations being fluid at normal temperature, and 
said steroids being of the oestrane, androstane and _ 
(19-nor-) pregnane series, may be prepared by 
dissolving the steroids in tocol or in a derivative 

20 thereof which is liquid at normal temperature 

(15-3Q °C), or in a mixture of two or more of these 
derivatives whereby the quantity of tocol or 
derivative thereof in the formulation is at least 
10% by weight* 

25 Hence, the invention relates to the highly concen- 
trated steroid formulations thus obtained, and to 
the processes for their preparation. 

Tocol and the derivatives liquid at normal 
temperature may be represented by the general 

30 formula: 
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where R^ * H* CH^ or C 2 H 5 ; 

R 3 * H t CH-j or C 2 H^ ; 
R 4 « H, OH, 0~acyl (1*2 atoms) or 
5 O-alkyl (1*3 Oatoms) ;* and 

the dotted lines, denote the optional presence of 
a carbon-carbon double bond* 

The compounds in which the side—chain in the 
formula given above contain one or two isoprene 
10 C 

residues (-C~C-*C C-0 less than Indicated are 
also included amongst the tocol derivatives noted 
above. 

For tocol Itself , R^ * R 2 * R 3 » H r « OH and* 
15. the side— chain is saturated* Examples of tocol 
derivatives are: 

5-~me thy 1 toco l f 7«-methy Itocol, 8-me thy 1 toco 1 , 

5 , 7-dimethyl tocol * F , 3-dimethy ltoco-1 , 7 T 8~*dimethy 1~ 

tocol r 5 * 7, 8~trime thy Itocol, 8**roe thy 1 toco trienol^ 

20 7 f a-dime thy 1 toco trienol T 5 , 8~dimethyl tocotrienol , 
5 , 7 , S^trixaethyl tocotrienol , 5 f 7~di~ethy Itocol y 
5 , 7--dime thy 1-S-e thy Itocol T 5 , 7-di-ethyl-S-methyl tocol , 
the formates and acetates, as well as the methyl and 
ethyl esters of these compounds, and S-desoxytocol* 

25 Use is preferably made of tocol, 5, 7 t 8-~trimethyl-» 

tocol ( a-* tocopherol) or 8**roe thy Itocol t <f —tocopherol) * 
In practice use is generally made of the racemates 
dl-tocol, dl-a-tocopherol and dl-£- tocopherol* 
During the preparation of a formulation 

30 according to the invention, exciplents such as 
benzyl alcohol or benzyl benzoate may optionally 
also be used, or a quantity of an oily carrier 
such as arachis oil or sesame oil may be added. 
Such a use or addition may be desirable in the 
preparation of Injection formulations in order to 
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lower the viscosity and in this way make the 
preparation easier "to inject: in other words, to 
enable the formulation to be injected through a 
needle of the desired bore. ' . 

5 The amount of tocol or derivative thereof in 

the preparation is preferably at- least 25% w/w, 
which means that at least 100 mg and preferably 
250 mg tocol or derivative thereof is present in a 
millilitre (about 10C0 mg) of solution. The upper 

lO limit of the quantity of tocol or derivative thereof 
is of course determined by the amount of steroid 
which can be dissolved in the carrier, and depends 
to some extent on both the steroid and the carrier; 
it lies between 50 and 90% w/w and is generally 

15 between SO and 80% w/w* This means that the maximum, 
amount of steroid per ml solution (about 1000 mg} T 
again depending on the steroid and the carrier, will 
be between lOO and SCO mg and generally may be 
2QO— 400 mg* 

20 The process offers' particular advantages for 

steroids of the oestrane, androstane- and (19— nor-) 

4 

pregnane series containing at least a 3— oxo-A ~group 
and an optionally esterif ied hydroxy group at position 
17 and/or 21 (if present), since, with these steroids 

25 much higher concentrations can be achieved than is 
possible with the known solvents and concentrations 
of lOO to 400 mg in the absolute sense are further- 
more possible; for certain steroids with the 
characteristics noted* even concentrations up to 

30 50O mg per ml tocol or derivative thereof are 
possible* 

Examples of oestrane, androstane and (19-ndr-0 
pregnane compounds with at least a 3-oxo-A 4 -group 
and an optionally esterified hydroxy group at 
35 position 17 and/or 21 (when present) are: testosterone 



6 



0001851 



19— ncr— testosterone (nandrolone) , progesterone, 
19-nor-progesterone , 17a-hydroxy progesterone , 
17;X-hycroxy~19-nor~progestercne , 21-hydroxy- 
progesterone , 21-hydroxy-19— nor-progesterone , 
5 IfjL-ethyl-ZL-hyiroxy^progesterone, 1& a-e thy 1-21- 
hydroxy-I9-nor-procesterone , 16-methylene-l?0t>- 
hydroxy-progesterone , corticosterone , desoxy- 
corticosterone r cortisone, hydrocortisone, 
prednisolone, aldosterone and the 17 and/or 21 

1C esters of these steroids derived from organic 

mono— or di~carbcxylic acids with 1 or 2, respec- 
tively, to 18 carbon a tonus* 

Examples of such organic mono- and di- 
carboxylir acids are aliphatic carboxylic acids 

15 such as propionic acid, butyric acid, isocaproic 
acid T decanoic acid, a-methyldecanoic acid, lauric 
acid, myristic acid, oleic acid, palmitic acid, 
trimethylacetic acid, undecenoic acid, ma Ionic acid, 
succinic acid, glutaric acid and tartaric acid, 

20 cyclo— aliphatic carboxylic acids, such as cycle— 
hexane— carboxylic acid, cyclopentylpropionic acid 
and cyclohexylbutyric acid, araliphatic carboxylic 
acids such as phenylacetic acid and phenyl propionic 
acid, and aromatic carboxylic acids such as benzoic 

25 acid- 

■ 

The steroids named may also be further 
substituted at positions 6, 7 and/or 11, for example 
, by a methyl, ethyl or methylene group, and/or may 
contain a further double bond, for example a 
3C bond. 

The preparations obtained according to the 
invention , depending on the steroid present , may 
be use*1 for various indications* Preparations based 
on testosterone and asters thereof may be used as 
35 andrcgenically active preparations in substitution 
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therapy. Preparations based on oestrogens may be 
used in- cases of oestrogen deficiency* Preparations 
containing nandrolone or esters thereof can find 
use as anabolic preparations or ovulation- 
5 inhibiting preparations* Preparations based on 
progesterone or progesterone derivatives may be 
used as progestagenic preparations, not only for 
the maintenance of a pregnancy but also for 
prevention of pregnancy (ovulation inhibiting 

10 action) and they may furthermore be used for the 
treatment o£ endometrial carcinoma* For use as 
ovulation inhibitors, long-acting esters of 17a— 
hydroxy-progesterone , such as for example, 17a- 
hydroxy-progesterone caproate and medroxyprogesterone 

15 acetate, are used* Preparations containing cortico- 
steroids may be used in those cases in which 
miner alocorticoid, glucocorticoid, anti- inflammatory f 
anti-allergic, anti- shock or analgesic activity 
is desired* 

20 An interesting application of those preparations 

according to the invention based on nandrolone 
esters, in particular nandrolone esters derived from 
organic carboxylic acids with more than 7 carbon 
atoms, for example nandrolone phenylpropionate , is 

25 the use as an injection preparation .for the 

regulation of oestrus in animals* Such an injection 
preparation offers particular advantages for the 
suppression of oestrus in domestic animals such as 
dogs* Since it is possible, in accordance with the 

3G invention, to prepare injection formulations 

containing well over 3CO mg nandrolone ester, for 
example nandrolone palmitate, per ml, it is- possible 
to suppress oestrus in dogs for more than 3 months 
with a single injection of 1 mi* Only concentrations 

3 5 of 50 to lOO mg per ml car be obtained with the 
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known solvents such as arachis oil, while the 
addition of henry I ben-oate and/or benny 1 alcohol 
enables concentrations of IOC to 2CO mg per ml to 
be reached with certain nandrolone ester-, for 
example nandrclone palmisate* Kor the suppression 
of oestrus, therefore, either a larger volume 
(2. to 5 ml) would have to be injected, or the 
injection would have to be repeated at an earlier - 
date, and there are objections to both these 
procedures* 

On using injection preparations according to 
the invention based on nandrolone esters *or the 
suppression o£ oestrus in animals it was further- 
more shown that, specifically with the preparations 
based on nandrolone esters derived from aliphatic 
carboxylic acids with 9-18 carbon atoms, an 
additional depot effect Cprolcnced activity or 
sustained release effect) appears, so that the 
very high concentration in the depot, particularly 
during the initial phase, does not result in an 
undesirably high blood level; unwanted side-effects 
as a result of excessively high blood levels do 
not therefore occur* 

Another interesting use of the preparations 
according to the invention is the oral administration 
in the form of soft gelatine capsules containing a 
highly concentrated solution of the steroids in 
tocol or n derivative thereof • This use is specific 
cal Ly of importance for the oral administration of 
testosterone and nandrolone, in particular the 
esters of these steroids derived from organic 
carboxylic acids* 

The activity of both testosterone and 
nandrolone is much lower on oral administration than 
on parenteral administration. It is true that this 
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difference proves to be smaller for the estars of 
these compounds, but it may nevertheless still 
constitute an adequate reason for choosing the 
parenteral administration form in preference to the 
5 oral form, particularly in those cases where the 
doses to be administered are relatively high, as, 
for example, in androgen substitution therapy, and 
a large number of dosage units or a relatively 
large dosage unit (swallowing problem:) have or has, 

10 respectively^ to be given on each occasion cr 
alternatively the dosage has to be repeated at 
shorter intervals. In such cases, use of the highly 
concentrated solutions according to the invention 
can weigh the scales in favour of the medically and 

15 technically easier oral dosage form, such as the 
®o£t gelatine capsule containing the concentrated 
solution of , for example, a testosterone or 
nandrplone ester* Such an oral administration form 
furthermore offers the advantage that the active 

20 agent is made available to the organism in a lipoid 
* solution, which has a favourable effect on the 
activity of the preparation* In this connection see 
the. Belgian Patent Specifications Numbers 826086 
and 345613 * 

25 It is known that certain tocol derivatives 

possess vitamin B activity* For many applications, 
such as suppression of oestrus in animals, this is 
not objectionable, but for applications in the 
human sector the vitamin E activity of a preparation 

30 according to the invention may be a drawback* It is 
however known that the various tocols possess 
differing vitamin E activities, and that tocol 
itself and^ certain derivatives, for example 5,7-* 
diethyltocol and 6-descxytocol , possess little or 

35 no vitamin E activity, so that a formulation with 
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the desired low vitamin E activity or a formulation 
devoid of vitamin E activity can be prepared 
according to the choice of carrier. 

The invention is illustrated by means of the 
following examples. 

5 

Example I 

Saturated solutions of a number of steroids in 
5,7,8-trimethyltocol Cu-tocopherol ) were prepared 
at 21 °C. The concentration of steroid in mg per mi 

lO solution is given in column a of Table A. Column b 
gives the concentration of steroid in mg per ml in . 
a saturated solution in a solvent comprising equal 
parts by volume of a-tocopherol and arachis oil, 
while for comparison column c shows the concentration 

15 of steroid in mg per ml in a standard solution in 
arachis oil* 



Table A 



30 



Steroid 


a 


b 


c 


testosterone - 


lOO 


40 


5 


corticosterone 


40 


2 


1 


1 6 a-e thy 1-2 1-hydr oxy-pr oge s terone- 


50O 


2CO 


SO 


21-decanoate 








1 6 a-e thy 1-2 1-hydr oxy-progester one- 


>225 


>225 


140 


21-heptanoate 




2C 


10 


dinandrolone oxydiacetate 


120 


dinandrolone adipate 


180 


85 


2 


testosterone undecanoate 


>225 


>225 


85 


nandrolone palmitate 


400 


| 200 


7S 
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Example II 

300 g nandrolone palmitate and 250 g a-tocoph&ro 
were added to a mixture of 100 g benzyl alcohol and 
2SO g benzyl benzoate which had been warmed to 70 °c. 
5 After stirring for a while, a clear solution was 

"obtained* The solution was cooled to room temperature 
after which the volume was adjusted to 10OO ml by 
addition, with stirring, of arachis oil (about 100 c) 
- The solution thus obtained was filled ixvto 10G0 vials 
10' in a volume of 1 ml solution each r after which the 
vials were closed with oil^resistant rubber stoppers 
and so-called open "Ciliatto" capsules* The vials 
were finally heated at 121 °C for 30 minutes in 
an autoclave. 

15 In a similar way, but using tocol instead of 

a—tocopherol, and in another batch <f- tocopherol 
instead of a-tocopherct , solutions were prepared 
and vials were filled with 1 ml solution containing 
300 mg nandrolone palmitate* 

20 The injection preparations thus obtained proved 

to be eminently suitable for use in the suppression 
of oestrus in dogs, a single injection of 1 ml made 
using a syringe fitted with a 19 G needle giving 
suppression of oestrus lasting at least 3 months* 

25 * 

Example III 

A sterile solution of* testosterone undecanoate 
in tocol r containing 208.35 g per litre, was made* 
In the way usual in the pharmaceutical technique, 

30 this solution was encapsulated under aseptic 

conditions in soft gelatine capsules with a volume 
(contents) of 0.24 ml, so that the testosterone 
undecanoate content: wa** SO ma p<*r capsule. The 
capsule wall (113 mcj> consisted of gelatine (77 me' , 

35 glycerine (17*5 mc) t sorbitol (15*5 mg) , parabens 
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(0.5 mg), TiO, (0.6 mg) and Cochineal Red A 
( 1 . ? mg ; dye ) . 

A number of other steroids were dissolved in 
tocol and encapsulated in soft gelatine capsules 
ir. a similar way* Details are given in Table B. 



Table B 



Steroid 


Capsule 
content (ml) 


mg steroid 
Der capsule. 


Testosterone a-methyldecanoate 


0.12 ! 


25 


tfandrolone decanoate 


0-18- 


50 


tfandrolone a-me thy 1-p-cyc 1 o-~ 
hexylpropionate 


0.08 


20 


Dinandrolone oxydi acetate 


0*24 


25 



Example IV 

Injection formulations of a number of steroids 
in a solution based on tocol, benzyl alcohol, benzyl 
benzoate and arachis oil C 50 ;5: 20:25) were prepared 
in the usual way (see Example II) and filled into 
1 ml capsules* The steroids are given in Table C, 
together with their concentrations in mg per ml 
solution* 



Table C 



Steroid 


mg per ml 


Handrolcne phenylpropionate 


2O0 


I6a-e thy 1-2 l-hydroxyprogesterone~21 -decanoate 


35C 


Dinandrolone oxydiacetate • 


75 


Destradiol phenylpropionate 


50 


1 7 a-hydroxy progesterone caproate 


150 


Nandrolone palmitate/laurate (2:1) 


300 
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CLAIMS 

A highly concentrated liquid pharmaceutical 
formulation of a steroid comprising a steroid of 
the oestrane* androstane or (19-nor-) pregnane series 
and tocol or a derivative thereof that is fluid at 
normal temperature t or a mixture of two or more of 
these substances* said formulation optionally 
containing one or more fluid carriers* selected 
from the group consisting of vegetable oils, benzyl 
benzoate and benzyl alcohol, with the proviso that 
said tocol or derivative or mixture constitutes 
at least' 10% by weight of said formulation* 

The formulation of claim 1, wherein said tocol 
or derivative thereof has the general formula: 




R 4 - H r OH, Q-acyl (1-2 C-atoms)* QCH-j or 
the dotted lines indicate the optional presence of a 
carbon atom double bond, and the side— chain may 
optionally contain one or two isoprene units less 
than given- 
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3. 



4. 



The formulation of claim 1, wherein said tocol 
or derivative thereof .is selected from the group 
consisting of tocol, a-tocopherol and 6 -tocopherol . 

The formulation of claims 1, 2 or 3, wherein 
said steroid of the oestrane, androstane or 
(19-nor-) pregnane series contains * at least a 
3-oxo-A 4 -group and a hydroxy group at position 1-7 
and "or 21 (if present), the hydroxy group being . 
optionally esterified. 

The formulation of claims 1-4, wherein said 
tocol or derivative thereof constitutes at least 
25% by weight of said formulation. 



Process for preparing a highly concentrated 
liquid " pharmaceutical formulation of a, steroid , 
characterized in that a steroid of the oestrane, 
andrastane or (19-nor-) pregnane series is dissolved 
in tocol or a derivative thereof "that is fluid at 
normal temperature, or a mixture of two or- more 
of these solvents 7 and one or more fluid carriers, 
selected from the group consisting of a vegetable 
oil, benzyl benzoate and benzyl alcohol, being 
optionally incorporated into said formulation, with 
the proviso that said tocol or derivative thereof 
or mixture constitutes at least 10% by weight of 
said formulation* 

Process according' to claim 6, characterized 
in that said, tocol or* derivative thereof 'has the 
general formula : 




where R x =* H, CH3 or C 2 H 5 ; 

R 2 m H, CH 3 or C 2 K S ; 
R 3 H r CH 3 *or C 2 H 5 ? 

R 4 * H, OH, 0-acyl (1-2 Oatoms) , 0CH 3 or OC^H 
the dotted lines indicate the optional presence of a 
carbon atom double bond, and the side-chain may 
optionally contain one or two isoprene units less 
than given. 

Process according to claim 6 r characterized 
xn that said tocol or derivative thereof is selectee 
from the group consisting of tocol, a-tocopheroi 
and m —tocopherol. 
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9. Process according to claims 6-8, characterized 

in that said steroid of the oestrane, androstane 
or C 19— nor-) pregnane series contains at least a 
3— O3co— A 4 — group and a hydroxy group at position 17 
and/or 21 (if present) 9 the hydroxy group being 
optionally esterified* 
10* Process according to claims 6—9, characterised 

in that said tocol or derivative thereof constitutes 
at least 25% by weight of said formulation- 
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